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Introduction
The clinical and electrographic features of seizures in anti-LGI1 encephalitis are distinct from those seen in other autoimmune encephalitides or non-encephalitic epilepsies. The recognition of unusual lateralized motor spasms, which have come to be known as faciobrachial dystonic seizures (FBDS) (Irani et al., 2011a) , has greatly facilitated early clinical diagnosis of the condition. Electrographically, a pattern of unusually frequent subclinical temporal lobe seizures in the absence of interictal spikes has been identified as an independent diagnostic marker (Andrade et al., 2011a,b; Steriade et al., 2016) .
Brief (~500msec) generalized attenuation or an "electrodecremental pattern" was first described as the ictal EEG correlate of the motor spasms/FBDS characteristic of anti-LGI1 encephalitis (Andrade et al., 2011a) and used as an argument to support a cortical, epileptic -as opposed to subcortical, non-epileptic -origin for the unusual events. The electrodecremental pattern, typical of tonic seizures, was interpreted as consistent with the initial tonic component of the motor spasms and the events were thus described as tonic seizures by (Andrade et al., 2011a,b) . The prominent, more sustained dystonic component of the spasms was emphasized by (Irani et al., 2011a) in their formulation of the FBDS terminology, which was intended to help clinicians identify the syndrome (Irani et al., 2011a,b) . More recently, the same motor spasms have been labelled tonic-dystonic seizures (TDS) by (Navarro et al., 2016) , who described a frontal EEG slow wave preceding contralateral motor spasms by ~580 msec, and further argued for a cortical origin of the clinical events. Relatedly, it had previously been shown that, in addition to the electrodecremental EEG pattern, motor spasms in anti-LGI1 encephalitis were preceded by a "DC shift" visible at standard clinical EEG filter settings (Andrade et al., 2011b) , likely representing the same slow wave phenomenon described by (Navarro et al., 2016) . DC shifts have been associated experimentally with increased high frequency neuronal activity, the latter marked by amplitude attenuation in typical EEG band-pass ranges, e.g., 1-100
Hz (Gumnit and Takahashi, 1965; Caspers and Speckmann, 1969; Speckmann and Elger, 1993) , and a relationship between DC shifts and the EEG electrodecremental pattern has been described in clinical recordings (Ikeda et al., 1997 (Ikeda et al., , 1999 Constantino and Rodin, 2012; Gnatkovsky et al., 2014) . Focal DC shifts have been demonstrated to herald ictal onsets and high frequency low amplitude oscillations in intracranial recordings in patients with intractable epilepsy (Ikeda et al., 1996 (Ikeda et al., , 1999 Bragin et al., 2005; Hughes et al., 2005; Rodin and Modur, 2008; Kim et al., 2009; Rampp and Stefan, 2012; Gnatkovsky et al., 2014; Wu et al., 2014; Kanazawa et al., 2015; Thompson et al., 2016) and regional DC shifts have been shown to correlate with frontal, parietal, temporal and generalized seizures in scalp EEG recordings (Chatrian et al., 1968; Ikeda et al., 1997 Ikeda et al., , 1999 Vanhatalo et al., 2003; Hughes et al., 2005; .
Given that typical clinical recordings are acquired using AC amplifiers, it has been suggested that the DC shift terminology be replaced in clinical reports by a more accurate descriptor, such as infraslow activity (ISA) (Rodin and Funke, 2012; Thompson et al., 2016) , and ISA will be used henceforth in this clinical paper to refer to the DC shift phenomenon.
In the current study, we present a detailed EEG analysis of the previously identified motor spasm-associated ISA (Andrade et al., 2011b) , and confirm the pattern to be a reliable marker of FBDS/TDS in anti-LGI1 encephalitis, the ISA appearing maximal over the frontal lobes before clinical onset of the motor events. Potential pathophysiologic mechanisms are explored by comparing ISA topography and lateralization of FBDS, and by examining instances of temporal overlap between FBDS/ISA and the topographically distinct subclinical temporal lobe seizures. In consideration of the debate surrounding cortical versus subcortical and epileptic 6 versus non-epileptic localization and classification of FBDS/TDS (Striano et al., 2011; Boesebeck et al., 2013; Navarro et al., 2016) , the ISA is also contrasted with non-epileptiform movement-related cortical potentials (MRCPs), as the pre-spasm ISA bears some resemblance to the late segment (NS') of the Bereitschaftspotential (BP) (Shibasaki and Hallett, 2006) , albeit earlier in onset, topographically distinct, and higher in amplitude.
Methods

Participants
Four patients with anti-LGI1 encephalitis investigated with continuous video-EEG recordings obtained in the Epilepsy Monitoring Unit (EMU) of the Toronto Western Hospital. Three of the patients (women aged 80, 46 and 72 years at illness onset) were studied in the EMU between 2008-2010 to guide clinical diagnosis: videos and brief descriptions of their motor movements and standard EEG findings have been published previously (Andrade et al., 2011a) . EMU recordings were obtained approximately six, eight and 12 months, respectively, after clinical onsets in these three patients, each of whom began to experience what would now be called FBDS either at or within weeks of clinical onset. The first patient initially presented with mild memory problems and personality changes, the second patient with just the abnormal motor movements, and the third patient presented initially with hyponatremia and a generalized tonicclonic seizure. Although the second (46-year-old) patient was observed to have typical FBDS, her main motor movements consisted of what could best be described as tonic flexion spasms, involving sudden involuntary flexion at the hips and knees, often with abduction at the shoulders.
In the EMU, she occasionally experienced an aura of bilateral foot paraesthesiae lasting a second 7 or more -long enough to activate the event marker and say "I'm going to have one" -before the abrupt onset of hip and knee flexion captured on the video recordings. A majority of her events consisted of just the bilateral flexion spasms, whereas a minority (~30%) started as flexion spasms and ended as lateralized FBDS or, least frequently (~10%), consisted of typical FBDS (in her case inevitably lateralized to the left side of her body). All three patients tested positive for
LGI1 antibodies: two ultimately achieved sustained benefit from immunomodulation therapy (mainly repeated courses of IVIg), whereas the 46-year-old patient responded well to treatment with phenytoin and levetiracetam, with disappearance of the motor spasms and no other symptoms. In the latter case, after discussion with the patient a decision was taken to forego immunotherapy: seizures have not recurred during 9 years of follow-up.
The fourth patient, aged 69 years, was investigated in the EMU in 2017, approximately six months after clinical onset with behavioral changes and FBDS. She was treated early in her course with IVIg for a presumptive diagnosis of anti-LGI1 encephalitis, with beneficial response, although test results for LGI1 (and other antineuronal autoantibodies) were negative. Symptoms and signs recurred and she was then admitted to the EMU to look for the presence of the subclinical temporal EEG seizure pattern of anti-LGI1 encephalitis (Steriade et al., 2016) to further support the clinical diagnosis, and to undergo repeat testing for LGI1 antibodies. In addition to dozens of FBDS, multiple bilateral independent temporal lobe seizures were recorded during her 48-hour EMU admission; repeat testing was positive for LGI1 antibodies. Initiation of lacosamide and further immunotherapy with steroids and IVIg was of marked benefit, although not in a sustained fashion. Rituximab was recently commenced.
Institutional research ethics board approval was obtained for study of EEG in antibodymediated encephalitides, and written informed consent obtained from all patients. and an EKG lead. Although the ISA presented in this paper can be appreciated in bipolar montages (Andrade et al., 2011a,b) , referential derivations depict the development and topographic distribution of the slow potentials to advantage, and the data are here presented using either a common average or a linked ears (A1-A2) reference.
One 24-hour recording was selected for analysis from each patient, the recording chosen based on an optimal combination of low artifact and high frequency of events. Offline analyses and digital filtering of the EEG data were performed using Insight (Persyst, Prescott, Arizona, USA) and Curry 6 (Compumedics, Abbotsford, Victoria, Australia).
Results
ISA occurrence and topography
In artifact-free recordings, all four patients were found to have definite evidence of ISA preceding the clinical onset of FBDS or flexion spasms. Examined with a low frequency filter (LFF) of 0.07 Hz (equal to the analog filter of the amplifier) the electrographic onset of the ISA could be identified more than 1sec before clinical onset of the motor spasms, which for FBDS 9 tended to occur near the amplitude peak of the slow potentials. The topographic maximum of the surface negative ISA was inevitably recorded over the frontal region contralateral to the side of the body most affected by lateralized FBDS. Peak amplitude of the ISA was always greater than -100µV, and frequently greater than -200µV.
The electrodecremental pattern previously identified to precede motor spasms in standard EEG recordings (Andrade et al., 2011a,b) could not be appreciated during the first 500-750msec of the ISA, becoming apparent in artifact-free 0.5-70 Hz band-pass recordings approximately 500msec before clinical onsets. especially early in the development of the slow potential, which can also be appreciated in the symmetry montage depiction of the raw waveform (Fig. 1D ). 
Bilateral motor spasms and FBDS in series
Bilaterally synchronous motor spasms are less easily recognizable clinically as FBDS, and can appear more intense, with more obvious leg involvement, the bilateral contractions rendering the typical facial spasms difficult to appreciate. A bilateral spasm could represent either a separate type of event or the chance simultaneous occurrence of contralateral FBDS. The bilaterally distributed ISA recorded in association with the bilateral spasm shown in Fig. 1D does not allow for differentiation of these two possibilities. However, an instance in the same patient wherein a left FBDS was followed slightly less than a second later by a right FBDS revealed independent contralateral mid frontal ISA preceding each spasm (Fig. 3A) , suggesting that in this patient bilateral spasms most likely represented simultaneous contralateral FBDS.
In the most recently investigated patient, occasional brief series of FBDS occurred as two or three ipsilateral spasms spaced over 3-5 seconds. The initial spasm of such a series was invariably preceded by clearly identifiable ISA maximal over the contralateral frontal region (Fig. 3B) . However, unlike the case of the more closely overlapping contralateral FBDS (Fig.   3A) , no ISA could be identified preceding the second or third events in these brief series of ipsilateral FBDS (Fig. 3B) . The inability to detect ISA before the second or third spasms is most likely related to contamination of the EEG signal by excessive low frequency movement artifact after the first spasm (and in fact in this same patient ISA was detectable preceding ipsilateral FBDS in series if the spasms were separated by more than 3 seconds). Nevertheless, the possibility that a single initial ISA occurrence could "trigger" a series of ipsilateral spasms cannot be excluded, nor can the possibility of a brief ~2sec ISA refractory period. Andrade et al., 2011a) . Remarkably, the ISA preceding the bilateral flexion spasms was lateralized to the right frontal region, with the flexion spasms occurring earlier in the course of the slow potential than the FBDS recorded in other patients (Fig. 4A ).
When the motor events involved initial flexion spasms followed by FBDS, the former occurred early in the course of the ISA, and the latter occurred nearer to the peak of the slow potential (Fig. 4B) . Whether other anti-LGI1 encephalitis patients may have similar, or milder and perhaps outwardly less apparent, bilateral flexion spasms, or whether the clinical features of this patient's spasms were of a unique nature is unclear. The presence of a subjective lower extremity aura preceding some of her events was notable and different from most cases of FBDS. Nonetheless, the ISA recorded in association with her events was indistinguishable from that of the other patients, and her infrequent typical FBDS (not preceded by flexion spasms) were similar both clinically and electrographically to those recorded in the other patients.
Motor spasms, ISA and temporal lobe EEG seizures
We have previously described in some detail the other major EEG characteristic of anti-LGI1 encephalitis, the occurrence of unusually frequent subclinical temporal lobe seizures (Andrade et al., 2011a,b; Steriade et al., 2016) . Although most commonly FBDS and temporal EEG seizures occur independently, there is occasionally an overlap in time that has been difficult to reconcile pathophysiologically, given the extratemporal clinical semiology of the motor spasms and the temporal lobe localization of the electrographic seizures (Steriade et al., 2016) . In the four patients in this study, one (patient 1 in Andrade et al., 2011a) had only rare instances of temporal overlap, either with a spasm occurring near the offset of a temporal lobe seizure (see Figure 2 in Andrade et al., 2011b) or, even less frequently, at the onset of a temporal lobe seizure; two patients had more frequent instances wherein a motor spasm was followed by a temporal lobe seizure (with the seizures recorded ipsilateral to the earlier, spasm-associated frontal lobe ISA); and one (patient 3 in Andrade et al., 2011a) had multiple instances in which a right-sided FBDS occurred during an ongoing left temporal maximal EEG seizure. Fig. 5A shows such a motor spasm in the latter patient occurring during a subclinical temporal lobe seizure. Interestingly, the intra-ictal motor event was preceded by frontal lobe ISA indistinguishable from that recorded in association with isolated FBDS. Fig. 5B shows the results obtained after averaging (at clinical spasm onset) six similar occurrences captured during the 24-13 hour recording, the averaged waveforms accentuating the prominence of the ISA and its restriction to the time period immediately surrounding the motor spasm.
Discussion
The findings of this study clearly demonstrate that the motor spasms of anti-LGI1 encephalitis are preceded by "DC shifts" or, more correctly, ISA. The ability to record ISA with clinical AC amplifiers has been repeatedly demonstrated over the past two decades, both with intracranial EEG (Ikeda et al., 1996 (Ikeda et al., , 1999 Bragin et al., 2005; Hughes et al., 2005; Rodin and Modur, 2008; Rampp and Stefan, 2012; Gnatkovsky et al., 2014; Wu et al., 2014; Kanazawa et al., 2015; Thompson et al., 2016) and scalp EEG (Ikeda et al., 1997 (Ikeda et al., , 1999 Hughes et al., 2005; Constantino and Rodin, 2012) . Most reports have linked ISA to the onset of partial seizures, and a close relationship between ISA and an EEG electrodecremental pattern has been noted (Ikeda et al., 1996 (Ikeda et al., , 1997 (Ikeda et al., , 1999 Bragin et al., 2005; Constantino and Rodin, 2012; Gnatkovsky, 2014 , Thompson, 2016 . Therefore, it is reasonable to presume that the pre-spasm ISA and associated electrodecremental pattern in anti-LGI1 encephalitis patients represent the onset of partial seizures. Moreover, the topographic maximum of the ISA suggests a mid frontal localization for the paroxysmal events, consistent with previous observations that scalp EEG electrodecremental pattern ictal onsets may signify unilateral superior frontal lobe seizures (Arroyo et al., 1994) .
Nevertheless, the exact pathomechanisms responsible for the motor spasms of anti-LGI1 encephalitis are unknown. The first reports indicating that the spasms may be preceded by a DC shift and an electrodecremental pattern (Andrade et al., 2011a, b) were presented as evidence 14 supporting the likelihood that the spasms were epileptic in origin, most similar to tonic seizures (Andrade et al., 2011a,b) , and indeed characteristic motor events with a common clinical semiology, FBDS, have since become widely accepted as a new form of partial seizure (Irani et al., 2011) . More recently, the motor spasms were named TDS and shown to be associated with a frontal EEG slow wave preceding the clinical onset of each event (Navarro et al., 2016) , presumably representing the same graphoelement described by (Andrade et al., 2011b) as a DC shift, and expanded on in this paper as ISA. The filter settings used by (Navarro et al., 2016) were not stated, but appear compatible with a time constant of ~0.16sec. It is likely for this reason that the amplitude and the duration of the pre-spasm frontal slow wave described by (Navarro et al., 2016) were smaller than the pre-spasm ISA depicted in this paper with a longer time constant: in all probability, the same pre-spasm EEG slow potential is under investigation, with the differences in duration and amplitude a reflection of the differences in band-pass widths.
A first issue to address more definitively is whether the pre-movement ISA represents an epileptic or a non-epileptic phenomenon. In other words, is the ISA (and associated electrodecremental pattern) confirmation of the presumptive epileptic etiology of the motor spasms of anti-LGI1 encephalitis, or is the pre-movement ISA something more closely related to the BP, i.e., a non-epileptic MRCP?
The early component of the BP, a low amplitude central vertex slow negative potential that begins about 2sec before voluntary movement onset, does not occur before involuntary movements such as myoclonic jerks or most simple motor tics (Obeso et al., 1981; Karp et al., 1996; Shibasaki and Hallett, 2006; van der Salm et al., 2012) . The late component of the BP, or NS', begins as a steeper negative slope over the contralateral central region approximately 400-500msec before voluntary movement onset (Shibasaki et al., 1980; Shibasaki and Hallett, 2006) .
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The NS' is invariably absent in myoclonus but is present in a minority of patients prior to motor tics (Karp et al., 1996; van der Salm et al., 2012) ; in these patients, presence of the NS' has been speculatively related either to the urge preceding some tics or to a voluntary component of the tics (Karp et al., 1996; van der Salm et al., 2012) .
The motor spasms of anti-LGI1 encephalitis are undoubtedly involuntary, and it is thus not surprising that an early midline BP is not present prior to the movements. The pre-spasm ISA does bear some resemblance though to the NS', and, like the NS', it is recorded contralateral to the motor movement. However, the ISA is earlier in onset (by about 500msec), and, unlike the NS', it does not appear maximal over the central region, but instead more anteriorly, over the mid frontal region. An even more striking difference is that the peak negative amplitude (130-240µV) of the pre-spasm ISA in anti-LGI1 encephalitis patients is an order of magnitude greater than the NS' in normal individuals (~5-15µV) or patients with motor tics (Obeso et al., 1981; Karp et al., 1996; van der Salm et al., 2012) , rendering the ISA visible before single events, whereas demonstration of the BP typically requires averaging 75-200 movements (Karp et al., 1996; Shibasaki and Hallett, 2006; van der Salm et al., 2012) . These differences between the ISA and the well-documented features of the BP make it highly probable that the pre-spasm ISA in anti-LGI1 encephalitis patients is not simply an atypical form of MRCP, but is instead an epileptic phenomenon.
Two potentially relevant case reports have described slow non-epileptiform negative potentials of similar amplitude (130-250µV) to the ISA described in the current study preceding involuntary movements consisting of periodic "dystonic myoclonus" in a patient with subacute sclerosing panencephalitis (SSPE) (Oga et al., 2000) and lateralized motor jerks in two patients with metastatic brain tumour and haemorrhagic stroke, respectively (Chatrian et al., 1964) . In the 16 former case, the slow negative shift preceding each dystonic myoclonus (and associated triphasic EEG complex) was postulated to indicate a diffuse increase in cortical excitability leading to "spontaneous burst discharge" (Oga et al., 2000) . In the latter cases, despite the absence of epileptiform discharges, the motor jerks were presumed on clinical grounds to represent epilepsia partialis continua (EPC), and the quasi-periodic slow potentials were interpreted as "local shifts of the steady potential of the cerebral cortex" (Chatrian et al., 1964) . The authors postulated that a negative cortical shift could attain a critical value, whereupon "a paroxysmal discharge of neuronal elements of the motor cortex" would ensue, resulting in the muscular contraction (Chatrian et al., 1964) . It would seem reasonable to interpret the high amplitude slow premovement potentials in these case reports as something quite different from MRCPs, with the high amplitude ISA causally implicated in the genesis of each dystonic myoclonus in the SSPE patient, and each motor jerk in the EPC patients. Conceivably, there could be some mechanistic commonality underlying the periodic motor spasms described in these three patients and the nonperiodic motor spasms in anti-LGI1 encephalitis, given the shared EEG phenomenon of high amplitude pre-movement ISA.
An enduring puzzle is the presence of an entirely distinct EEG phenomenon in many anti-
LGI1 encephalitis patients: extraordinarily frequent subclinical temporal lobe seizures in the absence, or near absence, of interictal epileptiform discharges (Andrade et al., 2011a,b; Steriade et al., 2016) . Others have documented similarly frequent seizures with temporolimbic clinical accompaniments and interictal spikes, especially later in the course of illness (Navarro et al., 2016; Aurangzeb et al., 2017) , presumably an electroclinical indicator of disease progression. As there is no epileptological model whereby the occurrence of brief, isolated motor spasms of extratemporal semiology can be explained by prolonged temporal lobe EEG seizures, one must 17 consider novel mechanisms in any attempt to link the two seemingly unrelated phenomena. The occasional temporal overlap of the two distinct EEG patterns, as described in this paper and previously (Andrade et al., 2011b; Steriade et al., 2016) , suggests the possibility of a causal relationship, but precisely how temporal lobe seizures could cause, or exacerbate, frontal lobe ISA and motor spasms (or vice versa) is entirely open to speculation.
The generators of ISA are not fully understood (Speckman and Elger, 1993; Vanhatalo et al., 2011; Buzsáki et al., 2012; Wu et al., 2014; Kanazawa et al., 2015; Thompson et al., 2016) , but there is some consensus that glia may play an important role. Increases in extracellular potassium caused by sustained neuronal activity can result in glial membrane depolarization and ISA Orkand et al., 1966; Speckmann and Elger, 1993) . Such a coupling of glia and neurons could theoretically integrate neuronal firing, as it has been shown that astrocytes can signal across syncytial networks, and that glial calcium oscillations and glutamate release can drive neurons to discharge (Parri et al., 2001; Tian et al., 2005; Kuga et al., 2011; Kanazawa et al., 2015; Thompson et al., 2016) . Unlinked to neuronal activity, metabolic factors, e.g., changes in CO 2 pressure caused by hypo-or hyperventilation, can induce prolonged (lasting up to minutes) true DC shifts (Speckmann and Elger, 1993; Vanhatalo et al., 2011) , but these prolonged baseline shifts are probably of a different sort than the brief pre-spasm ISA seen in anti-LGI1 encephalitis patients (although the propensity for hyperventilation to induce the temporal EEG seizures in these patients is noteworthy (Steriade et al., 2016) ).
The duration of the ISA recorded in association with the motor spasms/FBDS of anti-
LGI1 encephalitis is shorter, by many seconds, than most reports of intracranially recorded periictal ISA in focal epilepsy (Ikeda et al., 1996 (Ikeda et al., , 1999 Hughes et al., 2005; Rodin and Modur, 2008; Kim et al., 2009; Rampp and Stefan, 2012; Gnatkovsky et al., 2014; Wu et al., 2014;  18 Kanazawa et al., 2015; Thompson et al., 2016) , and by many tens of seconds compared to the true DC shifts recorded extracranially by (Vanhatalo et al., 2003) . This may be related in part to the 0.07 Hz analog LFF of the Xltek amplifiers used in this study (most other reports used amplifiers with LFFs of 0.01-0.02 Hz), and is consistent with the comparatively short duration of ictal onset ISA (2.3sec) reported by (Bragin et al., 2005 ) using a LFF of 0.1 Hz. However, the time constant of the amplifier may not be the entire explanation of the difference in duration of peri-ictal ISA, as the clinical motor spasm is also very short, unlike a typical seizure. It should be mentioned that the temporal lobe seizures recorded in the anti-LGI1 encephalitis patients were not associated with demonstrable ISA (data not shown). As to the genesis of the motor spasms, it would appear that some form of build-up of neuronal/glial activity culminates in a brief electrical burst discharge (at the time of the electrodecremental change in the EEG), following which the involved network (presumably comprising, in addition to frontal lobe neocortex, ipsilateral basal ganglia, glia and even temporal lobe structures) resets in a process analogous to the phenomena described in the SSPE (Oga et al., 2000) and EPC (Chatrian et al., 1964) case reports.
The observation that the ISA occurs ipsilateral to simultaneous temporal lobe seizures suggests that neuronal hyperactivity associated with the temporal lobe seizures may facilitate the ipsilateral ISA. How exactly temporal lobe neuronal hyperactivity could facilitate frontal lobe ISA is, however, unclear. Conceivable mechanisms range from simple increases in ipsilateral extracellular potassium to any of a variety of possible transsynaptic cortical-cortical or corticalstriatal-cortical interactions. Whatever the possible connection, it must be emphasized that cooccurrence of the motor spasms and the temporal lobe seizures is relatively rare, i.e., the ISA and motor spasms are not dependent on the presence of temporal lobe seizures.
The means by which LGI1 autoantibodies cause the different anatomicopathological abnormalities seen in anti-LGI1 encephalitis await elucidation (Fukata et al., 2017; Miller et al., 2017) . In the mouse, Lgi1 gene expression is widespread during development, with low levels of expression persisting in older animals in hippocampus, striatum, frontal cortex and cingulum (Silva et al., 2011) . Experimental studies have shown LGI1 to be a neuronally secreted glycoprotein involved in bridging synapses through linkage with two epilepsy-related receptors, ADAM22 and ADAM23, the resulting protein complex including presynaptic Kv1.1 potassium channels and postsynaptic AMPA receptor scaffolds (Fukata et al., 2010) . LGI1 autoantibodies can neutralize LGI1-ADAM22/23 interactions and reduce synaptic AMPA receptors (Ohkawa et al., 2013) . Lgi1 null mutant mice exhibit severe myoclonic seizures, attributed to increased glutamate release (Yu et al., 2010) , and a conditional Lgi1 knockout model showed loss of LGI1 secreted from glutamatergic excitatory neurons to be epileptogenic (Boillot et al., 2014) . More recently, it has been shown that LGI1 determines neuronal excitability in pyramidal neurons by controlling Kv1 channel expression, particularly at the axonal initial segment, thereby regulating action potential firing (Seagar et al., 2017) . There is no known pathogenic role for LGI1 autoantibodies on glia.
It is unknown whether the striatal hyperactivity demonstrated in anti-LGI1 encephalitis patients (Irani et al., 2011; Boesebeck et al., 2013; Navarro et al., 2016 ) is due to binding of
LGI1 autoantibodies or a reflection of synaptic activation from temporal or frontal cortical inputs. Based on patterns of hypermetabolism demonstrated by PET imaging in five patients with anti-LGI1 encephalitis, it has been proposed that the autoimmune process may initially target hippocampus or motor cortex (or both), involving in parallel the striatum, to account for the variable sequence of appearance of the different clinical features seen in patients with anti-LGI1 encephalitis (Navarro et al., 2016) . In this regard, it is interesting to note that intracranial EEG studies have shown prominent basal ganglia involvement in generation of the BP (Rektor et al., 2001a,b) , with evidence to suggest that the striatum may focus information received from various cortical areas onto other cortical areas, in particular prefrontal and premotor cortices (Rektor et al., 2003) . Whatever the underlying mechanisms, the electroclinical manifestations of anti-LGI1 encephalitis appear to represent a singular response to this autoimmune brain disorder.
The current paucity of neurophysiologic and neuroimmunologic data at the microscale level limits our ability to provide any definitive mechanistic explanations, or even to sort out relative contributions of neurons and glia in the generation of the described ISA. Other limitations for a full understanding of our macroscale recordings include the analog high pass filter (0.07 Hz) of our clinical amplifiers, which may have decreased both the duration and amplitude of the ISA. Future studies of the ISA phenomenon using amplifiers with a longer time constant will rectify this and provide a more definitive measure of duration and amplitude. We did not study voluntary MRCPs in our patients, and thus comparison of the ISA recorded during our clinical acquisitions and the BP was restricted to the known features of that MRCP. We also did not use EMG electrodes (because the video-EEG recordings had been acquired for routine clinical purposes) and were thus unable to examine the actual sequence of muscular involvement in the motor spasms, as was demonstrated recently by (Navarro et al., 2016) . Nevertheless, EMG was not required for the specific goal of this study, which was to identify and characterize the low frequency EEG changes that occur well before the clinical onset of the motor spasms, which are quite accurately identifiable by the sudden appearance of muscle artifact in the EEG.
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